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REPORT No. 126.
ALTITUDE INSTRUMENTS.

PART L
ALTITMETERS AND BAROGRAPHS.

By A. H. Mrars, H. B. HexricKsON, and W. G. BROMBACHER.

INTRODUCTION.

This report is Section IT of & series of reports on aeronautic instruments (Technical Re-
" ports Nos. 125 to 182, inclusive) prepared by the aeronautic instruments section of the Bureau
of Standards under research authorizations formulated and recommended by the subcommittee
on aerodynamics and approved by the National Advisory Committee for Aeronautics. Much
of the material contained in this report was made avsilable through the cooperation of the
War and Navy Departments.

This part discusses briefly barometric altitude determinations, and describes in detail the
pr'mcipal types of altimeters and barographs used in aeronautics during the recent war. This
is followed by a discussion of performance requirements for such instruments and an account
of the methods of testing developed by the Bureau of Stendards. The peper. concludes with
» brief account of the results of recent investigations.

Altimeters and ba.rographs are used for determining the altitude of aireraft sbove the

ground, the former giving direct indications on & dial, and the latter furmshmg a continuous
record on & chart.

For accurate measurements of altitude, reference must also be made to thermometer
readings of atmospheric temperature, since the eltifude is not fixed by atmospheric pressure
alone. This matter is discussed in the following section. on barometric altitude determination.
Obviously, any instrument which purports to determine altitude solely from observations of

atmospheric condition is liable to some uncertainty unless very complete observations of the

state of the atmosphere are taken throughout the entire period of time and over the entire
region of space corresponding to the flight, including simultaneous observations on the ground.

Thus the determination of the most probable altitude from barometric observations
requires an elaborate system of observations and intricate computations. Fortunately for many
purposes extreme accuracy is not necessary. It is possible to make altitude observations by

direct reading of the altimeter without any computations or supplementary observations, pro-

vided an accuracy of 10 or 15 per cent is deemed sufficient. This is done by having the alti-
meter dial graduated directly in altitude units, based on the assumption of some particular
constant value for atmospheric temperature.

BAROMETRIC ALTITUDE DETERMINATION.

It is a comparatively simple matter to deduce mathematically the relation connecting
pressure, temperature, and altitude for a perfectly stationary atmosphere treated as an ideal
gas. If proper account is taken of the actual variation of temperature vertically throughout
the air column such a relation will be sufficient for most purposes of altitude determination.
This relation may be referred to as the general altitude equation, which may be written in either
of the forms

D
a=—2 | o9 (1)
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Evidently the choice between the two forms in any practical problem depends whether the
absolute temperature, 6, has been given as s function of pressure porasa function of altitudo
h. In the foregoing equatmns Ris the gas ‘constant which occurs in the characteristic equutlon

pv= Ro 3)

where v is the specific volume (reciprocal of density); g denotes as usual the acceleration of
gravity; and p, represents the barometric pressure at the ground, where the altitude % is zero.

An example of a case where the temperature is given as a function of pressure is found in
Radau’s law. This is the empirical law assumed in graduating the dials of most of the altime-
ters manufactured in France. Evidently when 6 is given explicitly as some algebraic function
of p with numerical constants, the integration can be completely worked out. Upon sub-
stituting suitable numerical. values for the actual gas constant of the atmosphere R and for
gravity ¢ in appropriate units, there results a deﬁmte working formula connecting altitude
with pressure. : o

Radaw’s law makes the temperature a linear function of pressure The advantages, how-
ever, of assuming the temperature to be a linear function of altitude rather than pressure have
recentlv been urged by some authorities, and in this case the other form of the general equation
would be used.

The chief value of the general relation given above is, however, for the determmntwn of
probable altitude in cases where the temperature variation has not been given mathematically
but by actual observations taken throughout the flight. In such instances the integration may
be worked out graphically or by some numerical step-by-step method. Unless the temperature
has been actually observed all the way up the air column, it is of course impossible to arrive at
any very accurate altitude determination.

So much for the use of the general altitude equation as it stands. This relation may also
be simplified or extended. An example of the altitude pressure relation when reduced to its
very simplest form is found in the graduation of British and American altimeters.

In both cases this simplification consists in assuming for the air column a strictly uniform
temperature of 50° F. (10° C.). Thus the temperature comes outside of the integral sign,
meking the altitude proportional to the logarithm of the pressure ratio. The value of the gas
constant and other constants adopted from the Smithsonian Meteorological Tables as a basis
for American practice are such as to lead to the formula:

29.90

k =62900 log,, (4)
In this equation, % represents the altitude in feet corresponding to & pressure p in inches of
mercury. All American altimeter dials are graduated in accordance with this formula. DBritish
altimeters are graduated by means of substantmlly the same formula, the difference belng
negligible for practical pufposes. '

While British and American altimeter scal% are in substantial a.greement those adopted
on the continent of Europe differ considerably and are not interchangeable.

When the available date and the importance of the determination warrant an exiension
of the general altitude relation, some of the factors which may well be taken account of are the
following: Variation of barometric pressure on the ground during the time of flight; variation
of the gas constant or even departure from the law of an ideal gas, due to humidity; effect of
the wind in modifying the normal static distribution of pressure; small correction for variation
of gravity with altitude, ete.

The foregoing discussion is intended to mdlcabe some of the difficulties inherent in the
determination of altitude from a knowledge of barometric pressure even if the pressure-
measuring instrument itself were mechanically perfect..
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PRINCIPLES OF ALTIMETER CONSTRUCTION.

The eltimeter is not necessarily different from any other form of aneroid barometer except
that the principal scele on the disl is graduated in altitude units, while the pressure scale is
usua.].ly omitted. As a matter of fact the altitude scale is usually also & scale of equal parts.
This is a great convenience because it would otherwisa not be mathematically legitimate for
the altitude scale to be rotated in order to make the zero setting at the start of the flight. This
error in design occurs in the older forms of aneroid barometer, such as the familiar pocket size
used in surveying and mountain climbing, in which the pressure scale is usually equally spaced.
Consequently the 1,000-foot intervals on the eltitude scale are about twice as close together in
the neighborhood of the 20,000-foot point as they are at sea level, in accordance with the
logarithmetic relation (equation 4). Suppose, now, that the pressure on the ground has shifted
half an inch from its normal value. With the older style aneroid, having a movable altitude
scale on the bezel ring, the zero setting would naturally be made by turning the scale half an
inch of pressure, which means about 500 feet at sea level but about 1,000 feet at the other end
if the total altitude is, say, 20,000 feet. Thus an error of 500 feet is inadvertently introduced.
For accurate work an unequally spaced altitude scale should not be rotated. It should be
clamped in position and the altitude found by subtracting the initial altitude reading (on the
ground) from the final altitude reading (at the top of the climb).

This awkward progedure is eliminated in the altimeter, where the equa]ly spaced divisions

of the altitude scale do permit rotation. The action of an altimeter is otherwise similar to

that of any aneroid barometer.
The essential parts of an aneroid are the pressure measuring element, the transmission or

multiplying mechanism, and the indicating element. In addition, a.ux:lha.ry devices are some-
times introduced to compensate for possible sources of error, notably temperature changes.
Throughout the discussion of the different altimeter designs which follows later, the description
will in every case be taken up successively with reference to these four features; namely, the
pressure element, the mechanism, the indicating element, and the compensation.

While one of the earliest forms of aneroid employed a Bourdon tube for the pressure ele-
ment, the forms adopted in aviation mvanably have for the pressure element some combina-
tion of flexible diaphragm and stiff steel spring. The springs serve to we1gh the total force
due to air pressure acting on the diaphragms, after the fashion of any spring balance. The
larger the diaphragm, the greater will be the total force available to actuate the spring. As
a general principle, in instruments of this class & large force action is desirable in order that
friction and similar sources of error may have a relatively small influence. The diaphragm
boxes or capsules are commonly called vacuum boxes, because there is usually a fairly high
vacuum inside the box. This would not be necessary so far as the mechanical operation of
the instrument is concerned, provided the temperature could be held constant. The practice
of exhausting the boxes to a high degree is merely to avoid change of pressure due to expansion
or contraction of the confined air when heated or cooled. The diaphragms are corrugated in
order to make them more flexible. They are commonly constructed of German silver (nickel
brass) although other materials have been used to a less extent. .

The mechanism for multiplying the motion of the spring, so that a large deflection of the
pointer may be realized, has been developed in a great variety of forms. The numerical multi-
plying power ranges in different types from about 200 to 800. Various combinations of levers,
sometimes together with cam motions or gearing, will be found in the descnptlons which follow.

The indicating element in altimeters consists ordinarily of a pointer moving over a gradu-
ated dial. Various methods are used for graduating the dial and controlling the zero adjustment.

The microscopes, verniers, and micrometer screws which have been used on surveying aneroids-

are not found i the aviation type. Optical i.nd.ica.ti.ng devices have been tried but are not

in common use.
The compensation of altimeters almost invariably includes static balencing of the

mechanism by counterweights so as to overcome as far as possible the error due to inclination
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of the instrument, or to linear accelerations. If not otherwise specified it may be assumed
that such balancing has been satisfactorily accomplished. Angular accelerations are also
always present at the instrument board of an airplane. Compensation for such accelerations
is more difficult, and seems not to have been seriously attempted except in a recent French
instrument. Some of the altimeters developed at the beginning of the war were rejected on
account of faulty balancing in this respect. :

Temperature compensation is frequently provided for by the bimetallic method, or by regulat-
ing the amount of air in the vacuum box when the instrumentis manufactured, or by bothmethods.
The bimetallic method consists in providing a compound bar in some part of the lever system;
for example, a brass lever with a thin steel strip welded onto it. Change of temperature pro-
duces curvature in such a bar if normally straight; and it should be so designed that the amount
of curvature per unit change of temperature will compensate for the deflection of the pointer
which would otherwise take place at constant pressure due to temperature change. It will be
observed that this form of compensation does not.necessarily compensate for the change in the
sensitivity of the instrument with temperature. Even if an instrument is so compensated
that the pointer will not respond to temperature changes while the pressure is constant, it is
still possible that the amount of deflection for unit change of pressure will be different at differ-
ent temperatures. Without bimetallic compensation there may be a partial degree of compen-
sation, satisfactory over a very limited temperature interval at atmospheric pressure, pro-
vided for by the admission of air into the vacuum box before sealing it up.

ALTIMETERS OF THE D-SPRING TYPE.
SHORT & MASON.

One of the oldest and best known aneroid movements is the
Short & Mason (fig. 1). The Tycos altimeter, the Neko produced
during the war, and several other British instruments such as the
A.T. Reynolds, and S. Smith & Sons altimeters are substantially
identical in general design with the Short & Mason instrument so
far as a brief description would show. :

These instruments form the principal group coming under what
' Fro. 1Short & Mason sltimerer, 1S KDIOWD as the D-spring type. The Short & Mason instrument will
‘ be taken as an example and described in detail. Other instruments
need be described only so far as they deviate from this one.

Figure 2 shows & top and side view assembly drawing of the Short & Mason altimeter.
The large steel mainspring (10) has somewhat the form of a letter D in cross section and is known
to the trade as a D-spring; hence the designation of this type of construction. Historically the
original form of this mechanism, in its main features, was devised by Naudet in France. The
present Naudet altimeter will be described later. ]

The pressure element in the Short & Mason altimeter consists of the D-spring (10), to-
gether with one vacuum box which is coupled to it by means of & knife-edge. The vacuum
box is made up of two corrugated diaphragms which are formed so as to overlap at the rim
where they are joined together by soldering. The bottom diaphragm- is attached to the base
plate (6) by means of a very stout screw and nut (15). If the top and bottom were not
forcibly held apart during exhaustion the vacuum box would collapse under atmospheric pres-
sure. The tension in the mainspring is so adjusted by the carriage screws (8 and 9) as to hold
the top and bottom diaphragms approximately parallel under normal atmospheric pressure—
if anything, slightly concave. If the air pressure is now decreased, as it will be in flying to
o higher eltitude, the atmospheric pressure on the surface of the vacuum box diminishes, re-
lieving the tension on the spring and allowing the free end to deflect upward. This movement
is of the order of 1 millimeter in 20,000 feet of altitude.

The movement of the free end of the mainspring is transmitted to the pointer by means of
the multiplying mechanism. This, in the Short & Mason instrument, begins with the main
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lever (32) and a flosting link (20) which connects the end of the main lever with the regulator
spindle (17). The link is not attached to the rigid pert of the regulator spindle but to the
regulator spring (18), which is a flexible strip offset from the axis of rotation of the regulator
spindle by a distance fixed by the position of a small adjusting screw shown in the drawing.
Thus the upward motion of the D-spring due to a diminution of air pressure causes the floating
link (20) to pull up on the regulator spring, thus rotating the regulator spindle counterclock-~
wise in the drawing. From the middle of the regulator spindle a straight lever (19) projeets
in an upward direction. A fine brass chain (48) transmits the movement of the upper end of
this lever (19) over to the chain arbor (49). The chein winds and unwinds on this arbor,
which is connected with a hairspring (48) for taking up lost motion. The chein arbor forms a

solid part of the pointer spindle (47). Thus the motion of the vacuum box and spring is trans- -

mitted successively through the main lever (32), the link (20), the regulator spindle (17), the
lever (19), chain (48), and chain arbor (49) to the pointer or hand (52) which moves over the
graduated dial (4).

From the side-view drawing in figure 2 it willbe =
seen that the initial position of the lever (19) has a 8 39
good deal to do with the uniformity of the altitude
scale. The multiplying power may be constant in an
ordinary aneroid, but must be made to vary loga- ,,
rithmatically in the altimeter. This isnof alwaysa N e
simple matter and constitutes one of the reasons for i~ 3
the great variety of multiplying mechanisms in ex- ° -] )
istence. : e 17

The indicating element of the Short & Mason - 8
instrument consists of the pointer (52); the dial (4), & ° S O
which is movable and which carries the altifude > &
graduations; and the dial (5) which is stationary but o A
not graduated. Teeth are cut in the outside circum-~ ' O
ference of the movable dial which mesh with pinion
(81). This pinion is actuated by means of the
knurled knob (28). In order, therefore, fo adjust
the zero point of the altitude scale to coincide with
the position of the pointer at the start of a flight it
is only necessary to turn the knob (28).

The temperature compensation of the Short &
Mason instrument is accomplished at sea-level pres-
sure by the usual bimetallic method. The main
lever (32) has & thin steel strip (33) welded onto the
top side. For this reason the main lever is commonly known as the compound bar.

F16.2.—R, A. F. Mark V aneroid.

The details referred to in figure 2 may also be recognized in the photographic view of the .

dismantled Short & Mason altimeter (fig. 3).
SCHNEIDER.

In the Schneider altimeter the pressure element is substantially the same as in the Short &
Mason type. In place of the Maxwell point, groove, and plane mounting of the spring carriage,
the carriage is held in position by three screws, two of which end in points, and the third in a
polished plane. Lock nuts are provided on the carriage screws. This company has also made
aneroids with steel vacuum boxes.

The multiplying mechanism, although similar in arrangement to the Short & Mason, is
different in one respect: The chain arbor block is ‘machined with a spiral groove of variable
radius so as to produce & uniformly spaced altitudé scale.
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The indicating element is similar to the usual form but without the stationary dial.
The temperature compensation is bimetallic. Ordinarily the bimetallic bar has been incor-
porated in the main lever, but in some samples the lever from the regulator spindle has been

used instead. |
NAUDET.

The Naudet instrument (fig. 4) is simply a modification for aeronautic use of the original
aneroid barometer of the D-spring type, which they were the first to develop. The descrip-
tions of the Short & Meason instrument above will serve to give an idea of the essentials of the
Naudet construction. . . : o

The pressure element differs from the Short & Mason in that the main spring carriage is
swung on cylindrical bearings. The modified form of the regulator spindle in this instrument
should be noted (fig. 4). The regulator spring (18) is free to move about an axis perpen-
dicular to the axis of the regulator spindle (17) and '
is therefore capable of adjustment in two planes.
This adjustment is obtained by means of screws (21)
and (21a).

Only one dial is provided, which is movable and
is graduated in meters. The usual bimetallic com-
pensation is provided.

Fi6. 3.—Short & Meson altimeter dissssembled. . Fla. 4.—Diagram mechanism of Naudet altlmoter.
COLOMBEL.

Another French altimeter is very similar to the Naudet. In addition to the movable alti-
tude scale, there is also provided a stationary dial graduated in millimeters of mereury.

The pointer of this instrument may be set to the true pressure by means of the adjustment
of the carriage screw: This is accomplished by adjusting the regulator screw through a hole
in the bottom of the instrument case, as is the practice in surveying and weather aneroids.

ENUDSEN. ~

This instrument of Danish construction has a pressure element similar to the others except
that the center portion of the spring is machined out. '

The -multiplying mechanism is also different. In place of the usual regulator spring there
is a pin which slides in and out of & transverse hole in the regulator spindle and which is clamped
in position by a set screw. o
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-The movable altitude dial graduated in meters is rotated by means of the knurled bezel.
It moves over a statlonary dial, a small sector of which i is graduated in millimeters. The tem-
perature compensation is bimetallic.
GERMAN ALTTMETER.

This altimeter (monogram GL) has been found in two slightly different forms (figs. 5 and 6).
The carriage serews point upward and fit in conicel cups in the carrjage. The carriage-adjusting
screw is placed in the base of the instrument and acts against the arm of the carriage.

The chain and hairspring are arranged contrary to the usual manner so that the pointer
moves clockwise for increasing alfitude. The main lever connecting the D-spring with the
mechanism is threaded, thus allowing adjustment of its length. The regulator spindle and
spring are made in one piece of metal. The ha.u'aprmc is of phosphor bronze.

F16. 5—Qerman altimeters. . . F1G. 6.—German altimeters with dial removed.

In the. two forms referred to, only the indicating element is essentially different. One
type has both a stationary and movable dial. The movable dial is rotated by pushing on =
projecting knob which comes out sideways through a slot in the case. In & later form there
is only a single dial, which is fixed to the case. The entire aneroid mechanism is revolved by
a simple form of gearing shown in the' photograph (fig. 6) operated by a knob on the outside
of the case. The usual bimetallic compensation is provided.

OTTO BOHNE.

The pressure element of this altimeter has carriage screws pointing upward and fitting in
conical cup and slot. The carriage adjusting screw is in the base of the instrument as in the
other German altimeter. There is a link between the vacuum box and the D-spring as in the
De Giglio altimeter.

The regulator spindle and spring are made in one piece of metal. The indicating element
is prmnded with both a pressure scale graduated in millimeters and a movable altitude scale
gradua.ted in meters rotated by gearing and knurled knob. The temperature compensation

is bimetallic.
HELICAL SPRING TYPE.

RICHARD AND SIMILAR INSTRUMENTS.

The helical—sprin.g type is well exempli.ﬁed by the Richard instrument. It differs from
the D-sprmg type in that the mainspring consists of a vertical helical spring under compression.
The. sprmg is not, directly coupled to the vacuum box, but the downward pull of the vacuum
box is transmitted to the helical spring through a flat plate having its fulerum on two steel
points. The movement is shown in figure 7. The disphragm (11) is coupled to the fat plate
lIever (7) by the knife-edge (14) working on a steel collar (14a). The tension of the helical
spring {10} is varied by the screw fitting on which the spring rests. This can be a.d]usted by
means of a screw reached through a hole in the base of the instrument.

Any movement of the diaphragm (11) is mulnphed in the ratio of about five to one at the
end of the lon,, lever arm. This movement is transmitted through the multiplying system
-through the pin (20). This pin strikes the curved surface of a cam causing it to rotate about

"the axis (25).- Attached to the cam is a ﬂa.t brass pin (19) whose motion is transmitted by
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contact with an arm projecting from the sector gear (48). The teeth of this sector gear mesh
with & small pinion on the pointer spindle. Backlash is taken up by a spiral hairspring, Thus
the movement of the top of the vacuum box is transmitted to the cam through contact with
a pin; the rotation of the cam and upright pin (19) transmits the movement to the sector gear,
thence to the pointer spindle.

The indicating element consists of a movable dial graduated in meters revolving over a
stationary dial graduated in millimeters.

Temperature compensation is accomplished by the relative expansion of the brass and steel
parts of the movement, but without any bimetallic bar.

HATOT .

In this instrument, also of French construction, special
care is taken with the mounting of the flat plate lever or
carriage (see fig. 8). The carriage screws are of steel with
sharp points and are held in small cylindrical brass posts
inserted into the base plate.

The bearing surface for the carriage screws are small
. cylindrical pieces of.

" ‘gteel inserted into the
carriage plate and
are cupped to receive
the points of the car-
rieage screws. The
connection of the di-
aphragm to the car-
riage plate should be
noted. There is a
square hardened steel
pin inserted trans-
versely in the dia-
phragm pillar similar
~to the ordinary knife-
edge. The surface of
this pin facing the di-
aphragm is cupped to
Teceive two ‘steel
points which_are in- [

F16. 7.—Diagram for Richard altfmater. ’Sreﬁ':ed ]chlliw, t;l]‘:r‘:zrgagles Fia. 8.—Mechanlsm of Hatot altimstar.
held distended by & helical spring as in the case of the Richard. The tension of this spring
can be adjusted by means of a screw which raises and lowers a brass fitting on which the
spring rests.

Referring to figure 8, there is shown a screw in the offset from the circular head of the
carriage plate. In the end of this screw a steel pin is inserted eccentrically. This steel pin
rests on the polished face of the multiplying lever. By rotating the screw that holds the steel
pin the multiplying ratio can be adjusted.

The multiplication of the motion of the carriage is accomplished in the following manner:
The steel pin in the carriage rests on the polished steel surface of a lever shaped somewhat like
g bell crank. The other arm of the bell crank is in the form of a steel knife-edge, and takes the
place of the upright pin of the Richard instrument. This lever is counterbalanced. The steel
Inife-edge is in contact with the tail of a toothed sector. The motion is transmitted to the
indicating hand by the sector meshing with & pinion mounted on the same arbor shaft with the
hand. A tension is maintained on]this lever by means of a light steel spring. Backlash is taken
up by a steel hairspring. '
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The indicating mechanism is a fixed dial graduated with a pressure scale in millimeters.
Over this fits a movable illuminated dial provided with a crown gear. The dial is rotated by
means of a small pinion mounted in the instrument case which is furned by a knurled thumb
screw. No bimefallic compensation is used in this instrument.

DE GIGLIO.

The pressure element of this instrument differs from the Richard by providing an extra
connecting link between the vacuum box and the fitting which carries the knife-edge. The
mechanism is similar to that of the D-spring altimeters except that the rotation of the hand is
clockwise for increasing altitudes. .
" 'The indicating element has both a stationary pressure scale graduated in millimeters and
a movable altitude scele graduated in meters. There is no bimetsallic temperature compensa-
tion, but the static balancing is done as in the Richard, by the in-
sertion of a strip of lead into the back end of the flat platelever.

FILOTECNICA.

The Filotecnica altimeter, also an Italian make, is very similar
to the De Giglio except thet the movable dial is rotated by turning
the knurled bezel instead of a geared thumb screw.

OTHER TYPES.
MAXANT.

The pressure element of this French altimeter (fig. 9) consists
of a vaduum box with an internal spring. This construction is
familiar in barographs, but unusual with altimeters.

The multiplying mechanism starts with a long lever consisting
of a brass rod into which is inserted transversely a long steel up-
right. Offset from this lever is an arm (19) which engages the top
of the vacuum box. The bearings (25) of this long lever are mounted
in a bridge over the vacuum box. The long steel upright actusates
a geared brass sector (48). This sector meshes with a pinion on
the index arbor. The zero of the instrument is adjusted by turning
a steel screw which raises or lowers one end of the mechanism bridge.
Backlash is taken care of by a small spiral spring.

The indicating element has been made in two forms, in each
of which there is both & stationary and movable dial. In one form
the movable dial giving the altitude scale in meters is rotated by geering actuated by a knurled
thumb screw. In the other form the movable dial is revolved in a knurled bezel.

F1q. 9.—Diagram of Maxant altimeter.

SPERRY.

The pressure element of this movement is made up of a battery of two vacuum boxes
with internal springs which are mounted on & U-shaped brass frame. This U-shaped casting
holds the entire mechanism and is screwed to the case of the instrument.

A bimetallic bridge spans the two legs of the U-shaped piece and supports the multiplying
mechanigm in the center. This mechanism consists of a carefully machined helical groove in
the pointer arbor. This arbor is free fo turn in & polished hole in the bridge. It is caused to
rotate in proper relation to the movement of the upper vacuum box by the vertical movement
of & pin traveling in the helicel groove. There is a spiral hairspring to take up backlash.

TAGLIABUE.

The pr'essure element of this altimeter consists of a single vacuum box with an internal
spring. Any motion of the upper surface of the diaphragm is communicated to the multiplying
mechanism by means of the jeweled bearing soldered to the top of the upper diaphragm.
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The design of this instrument is unique and offers several gdvantages in the adjustment
for calibration. The motion of the diaphragm actuates a short lever arm: pro;ectmg from the
regulator spindle, which rests on the ]eweled bearing of the dlaphragm This lever is punched
integral with the regulator spindle, and, since the material is of spring steel considerablo adjust-

ment of its length can be accomphshed by the
lateral motion produced by a regulator serew.
The vertical movement of the diaphragm serves
to rotate_the regulator spindle, which carries
* withit an upright. The movement of, this up-
right in turn rotates & cam to which it is con-
nected by alink. The cam rotates aboul a ver-
tical axis. By means of a hairbpl ing mounted
on the cam shaft lost motion is taken up and a
slight pressure maintained againsi the jeweled
bearmg In contact with the cam surface there
is & small roller bearing which is attached to tho
tail of a geared sector. Thus any rotation of the cam causes a cgrrespOndmg movement of the
geared sector. The cam is so designed that with increasing altitudes there is a gradually increas-
ing movement of the sector for equal movements of the diaphragm. The geared sector meshes
with the pinion on pointer spindle.

The stationary and movable dials are constructed in the usual Way and the latter is turned

by a knurled knob.

T16. 10.—German altimeter with double action.

GERMAN ALTIMETERS WITH DOUBLE ACTIOP:.

The pressure element of this altimefer consists of
two batteries of two diaphragms each. The springs are
internal. The vacuum boxes are mounted edgewise so
that the direction of their motion on deflection isin a .
plane parallel to the dial of the instrument. The twe
batteries deflect in opposite directions as shown by
figures 10 and 11. e

The deflections of the dmphragms cause & rotatlon_ '
of the multiplying lever (17) about an &xis, perpendicular
to plane of motion of the diaphragms, the two arms of
this lever being connected by links to the diaphragms.
The motion of the multiplying lever (17) is transmitted
by means. of a short pin (21) to.a second slotted lever
(20) carrying the sector (48). - The pin (21) slides in this
slot when the lever (17) is displaced. The pin (21) is
attached to lever (17) by a lock nut and washer and is
adjustable in the slot at the end of lever (17), thereby
making it possible to change the multiplying ratio of the
lever system and hence the deflection of the pointer. The
geared sector engages with a small pinion on the pointer
gpindle. A hairspring is mounted .on the indicating
arbor. )

The Indlcatmg e]_ement, has an u_nequal]_y lelded F1a. 11,—Diagram mechanism of German altimeter with
altitude scale which is fixed in position. The entire double setian. '
inside mechanism is rotated by means of a geared sector engagmg in a p1n1on mounted in an
offset in the instrument case. The altitude scale is considerably cramped at the high altitud